tor function and impact on physical and participatory activities. This is especially true for shoulder disorders (1). For shoulder pathologies, more than 40 assessment tools are available (2). Some of them assess shoulder function in specific lesions (instability, osteoarthritis) (3, 4) . others, such as the disabilities of the Arm, Shoulder and Hand (dASH) questionnaire score, measure the general function of the upper arm (5), regardless of the original pathological cause. out of 43 evaluation tools, only 9 have undergone a correct validation process for reliability and validity (2, 6), 4 of them are specific to shoulder pathologies (Western ontario Shoulder Instability index (WoSI) or Shoulder Instability Questionnaire (SIQ) for instability, Western ontario osteoarthritis of the Shoulder (WooS) for osteoarthritis, oxford Shoulder Questionnaire (oSQ) for surgery) and 5 are non-specific (American Shoulder and Elbow Society scores (ASES), DASH, self-reported Flexilevel Scale of Shoulder Function (FLEX-SF), Shoulder Pain and Disability Index (SPADI), Simple Shoulder Test (SST)). A validated tool designed for all shoulder pathologies in general is lacking.
In order to completely describe "shoulder outcomes", clinicians usually take into account self-reported pain (7), range of motion (RoM), strength and function. Some argue that physical impairments such as strength or mobility, are not closely related to function (8, 9) , which requires specific functional tests. Other indexes, such as self-administered questionnaires, based either on functional abilities or quality of life, are limited by the lack of an objective evaluation of mobility and strength. In this context, the Standardized Index of Shoulder Function (FI2S) was designed to measure both objective and subjective data. In order to be widely and easily accessible, it needs acceptable psychometric properties, especially reproducibility, construct validity, and a good sensibility to responsiveness to change (10). Therefore, the objective of this study is: (i) to describe this new shoulder assessment tool; (ii) to test its reliability and responsiveness; and (iii) to compare it with other tools to partly assess concurrent validity.
Standardized Index of Shoulder Function description
In order to build the most pertinent assessment tool for shoulder disorders, a panel of clinical and surgical shoulder experts was selected based on their clinical expertise, critical literature and review of existing scales.
HETEROGENEOUS ASSESSMENT OF SHOULDER DISORDERS: VALIDATION OF THE STANDARDIZED INDEX OF SHOULDER FUNCTION
The following criteria were distributed to the panel of experts:
• to assess more than one dimension of perceived pain;
• to address tasks of functional relevance and measure anatomical restrictions at the same time; • to be easy to use even for severe or moderate impairments; • to give an idea of strength that can be compared between age and sex groups; and • to divide the index into subgroups with global and ideally inherent clinical relevance. In consequence, the FI2S items were selected and divided into 4 subgroups: pain, function, mobility and strength, as summarized in Appendix I. The total score is 100:
• pain is attributed 28 points with a qualitative and quantitative evaluation (1, 7, 11) at night, at rest and during activity and also with analgesic drug administration; • active mobility is attributed 24 points. RoM is measured with a goniometer (°) and thumb-C7 distance is also measured (cm); • function (or limitation of activities) is attributed 30 points.
The selected items correspond to different kinds of activities, such as activities of daily living (dressing, catching an object, open a door, etc.) that can be easily performed during clinical examination; • strength assessment is essential since it has been demonstrated that it is directly related to quality of life (12, 13) and is attributed 18 points. According to the Constant method of strenght assessment (14), the patient holds the handle of a spring balance in his or her hand, with the palm of the hand facing the floor, at arm's length with 90° of forward flexion in the sagittal plane. The patient resists the force applied by the examiner and is asked to maintain this position for 5 s. Three tests are performed and the average (kg) is noted. The strength value has to be adjusted for gender and age as it has been addressed in the CMS (15, 16) . This adjustment has been determined using strength measured with an electronic Kinedyne-type dynamometer (Kinetec ® , Tournes, France) in 86 control subjects with no upper arm disorders (Table I ). Due to the lack of significant differences in subjects under the age of 50 years, and according to the linear decrease in isometric strength with age (17), only 3 age groups were retained: under 50 years, between 50 and 60 years, and over of 60 years; in order to reach the score of 18 attributed to strength, and according to these normal values depending on sex and age, adjustment coefficients were used to calculate the value of the subgroup strength from strength measured with the balance spring (see Appendix I). These coefficients are in accordance with those issued by the Copenhagen City Heart Study (17). The total score in the control sample was always 100, except for one person who achieved a total score of 93/100. Thus, the mean score for the 86 control subjects was 99.9.
Finally, the FI2S was in French, and translation was based on the guidelines of translation/back-translation in order to compile an English version in accordance with the initial French one (18).
Standardized Index of Shoulder Function comparison
To address the second objective of this study, the FI2S was compared with the Constant-Murley score (CMS) and the dASH questionnaire, which are widely used in shoulder disease. The CMS has the advantage of including pain, function, motion and strength for shoulder assessment (19) . It has been demonstrated to have insufficient reliability during clinical follow-up (20), probably because shoulder pain is assessed by only a single visual analogue scale, function is evaluated by global discomfort in daily life activities, range of motion is partially assessed by functional tests and shoulder strength assessment requires the use of a weighting table. The dASH is a 30-item, validated, self-report questionnaire designed to measure physical function and symptoms in people with any of several musculoskeletal disorders of the upper limb. Whereas this questionnaire is not specific for shoulder disorders, its usefulness for clinicians who wish to monitor arm pain and function in individual patients has been widely demonstrated (21).
MATERIAL AND METHODS
The FI2S was validated in a prospective multicentre study. Patients with one of the following shoulder pathologies were recruited: rotator cuff lesions with or without rupture, frozen shoulder, or osteoarthritis. Patients who had surgery for acromioplasty, rotator cuff repair, or shoulder arthroplasty were also included. other pathologies, such as shoulder pain caused by cancer, fracture, rheumatoid arthritis, septic arthritis, or shoulder instability, as well as acute painful shoulder caused by calcified tendinitis and shoulder pain due to neurological diseases were not considered. Patients who were unable to answer questions or complete the questionnaires, or who did not give their consent, were also excluded. The local ethics committee authorized this study and a signed consent form was obtained from all recruited patients.
Reliability was assessed by practitioners specialized in physical medicine and rehabilitation (PRM). The intra-rater reliability was tested by administering the FI2S index at d0 (day 0) and d1 (day 1) by the same examiner, assuming that results observed at d1 were not influenced by the examination performed at D0. The inter-rater reliability was evaluated by administering the FI2S twice to two examiners in random order, thus minimizing potential bias caused by the influence of the first examination on the second. The first administration was carried out at the time of inclusion and the second an hour later. The patients were asked not to report previous examinations and results to the examiners, and examiners were blinded to the results of other examinations. Reliability was tested by the intra-class correlation coefficient, the Wilcoxon paired test and Bland and Altman graphic analysis in order to observe potential fixed and proportional biases. A linear regression tested for a linear relation between the means of the two measurements and the difference between the two measurements. Construct validity of the FI2S was assessed by correlating the overall score with scores on variables supposedly assessing similar dimensions or concepts (10). We hypothesized that the FI2S score would have: (i) strong to moderate associations with the CSM and dASH scores, both in general and for sub-domains; (ii) weaker associations with pain at rest, and pain during activities and age. Spearman's correlation coefficients were interpreted as excellent (≥ 0.90), good (0.70-< 0.89), moderate (0.50-0.69), fair (0.30-0.49), or little or no correlation (< 0.30).
Responsiveness was evaluated by calculating the effect size and the standardized response mean (SRM). Since this analysis was not the main target of the present study, the responsiveness was studied only on the first 25 patients included.
All analyses were performed under SAS v8.1 (SAS Institute, Cary, NC, uSA). The alpha level was set at 5%.
RESULTS

Population
Fifty-nine shoulders corresponding to 59 patients (24 (41%) were men whose mean age and standard deviation (Sd) at evaluation was 60.3 years (Sd 10.6)) were evaluated (Table  II) . The majority of the patients were right-handed (55 (93%)). The shoulder disorder was located on the right side in 34 (58%) cases, and corresponded to the dominant side in 32 (54%) cases (31 right-handed and 1 left-handed). Symptom duration lasted a median of 24 months (8-60). For 27 (46%) of the patients, there was no surgery: 16 rotator cuff lesions including 8 with ruptures, 8 frozen shoulders, and 3 cases of osteoarthritis. Thirty-two patients underwent surgery: 9 for acromioplasty, 18 repairs of rotator cuff ruptures, and 5 for arthroplasty. The mean age at surgery was 59.9 (Sd 11.7) years; the median evaluation for patients after the surgery was 1.5 months (0.9-1.8) after the surgery. discharge occurred from 18 to 61 days after inclusion (mean 31 (SD 11)). Visual analogue scale (VAS) values for pain, as well as the FI2S, CMS and dASH scores at inclusion are summarized in Table II . At discharge, the mean CMS was 57.54 (Sd 19.05) and the mean FI2S was 68.71 (Sd 17.71).
Reproducibility
Intra-rater reliability. This was first evaluated by the intraclass correlation coefficient (ICC) (1, 3) calculation. ICC was excellent, and over 90% (ICC = 0.94 (0.90-0.96)). The mean difference between the two measurements was 1.4 (Sd -5.5), and not statistically different (p = 0.06). Results for mobility, function, and strength are excellent and good for pain (Table  III) . All but one point (2%) out of 59 were observed within the 95% confidence interval (CI) of Bland and Altman graphic analysis for the intra-rater comparison, thus indicating a very good reliability between the two examinations (Fig. 1A) . Moreover, the graphic analysis did not report any fixed or proportional bias. differences between measurements were stable, even with extreme values. The absence of bias was confirmed by a non-significant linear regression between the mean measurements and the difference between the two measurements (slope = 0.02, p = 0.66).
Inter-rater reliability. Similar findings were observed for the inter-rater comparison. The ICC was set at 0.93 (0.88-0.96) and results for each sub-score were good (Table III) . The mean difference between the two measurements was 0.02 (Sd 6.2), and was not statistically significant (p = 0.87). All but one point (2%) out of 59 were within the 95% CI of Bland and Altman graphic analysis (Fig. 1B) . No fixed or proportional biases were graphically observed and differences were stable, including extreme values. The linear regression was not significant (slope = 0.04, p = 0.42).
Construct validity
Graphic analysis shows a linear correlation between the CMS and the FI2S; Spearman's correlation coefficients were 0.91 and 0.93 (p < 0.0001) at the first and second examinations, respectively. Table IV shows the correlation between the FI2S and the CMS, which is excellent for mobility and strength, but moderate for pain and function. For pain, the overall FI2S score is fairly correlated with the VAS pain score during activity (rho = -0.45, p < 0.001 and rho = -0.42, p = 0.001) and/or at rest (rho = -0.40, p = 0.002 and rho = -0.37, p = 0.004, respectively). The dASH score is moderately correlated with the total FI2S score (rho = -0.53, p < 0.001 and rho = -0.60, p < 0.001 at the first and second examination on the first day, respectively) and the function subscores (rho = -0.50, p < 0.0001 and rho = -0.64, p < 0.0001). No correlation was observed between the FI2S total score and age (rho = 0.14, p = 0.28 and rho = 0.10, p = 0.43, respectively).
Responsiveness to change
Responsiveness to change was calculated by comparing FI2S at inclusion and at discharge (mean 8 weeks (Sd 1.2)) in a subgroup of 25 patients. In this subgroup there were 12 women (48%), with a mean age of 58.6 (Sd 9.5) years. The mean symptom duration was 49.3 (Sd 53.0) months. Ten (40%) patients had surgery. A large effect size ES was observed (1.5, with a mean change of 20.5 and an initial standard deviation of 13.6). The SRM was 1.26 (with a 20.5 change (Sd 16.2) in the FI2S total score), and could be considered a "wide" change in score.
dISCuSSIoN
Based on our study of 59 patients with important major shoulder disorders, the FI2S appears to be a relevant, reproducible assessment tool with a good responsiveness to change. The intra and inter-rater reliability were very good with both ICCs over 90% (0.94 (0.90-0.96) and 0.93 (0.88-0.96), respectively), and with nearly all the patients falling within the 95% CI of the Bland and Altman plot graphic analysis. This study has some limitations. First, the FI2S was designed specifically to assess musculoskeletal disorders of the shoulder. The FI2S has not been tested for neurological shoulders, arthritis or infections not included in this study. Secondly, as concerns acceptability, it has been argued that the FI2S was easy to use both in clinical practice or clinical trials. However, the time needed to administer the FI2S has not been studied.
The CMS is widely used, but failed to demonstrate any metric properties and became a gold standard with use. Furthermore, the weight of some items or the measurement method has been criticized (22). These drawbacks limit its use in clinical research. Another example, the American Shoulder and Elbow Surgeons (ASES) scale, demonstrated good metric qualities (23), but whereas pain and function are well described, objective measurements, such as range of motion or strength, are lacking (24). Subjective indices, although easy to administer and focused on the patient, are in fact difficult to analyse; many studies have shown a frequent lack of correlation between the self-reported disability and functional performances (13, 25, 26) .
The FI2S was issued following analysis by a group of experts with the standardization of 4 assessment scales commonly used in shoulder disorders, thus enhancing its content relevance. The differences and similarities based on the convergence and divergence hypothesis were examined. The FI2S had a good convergent validity with CMS, moderate with dASH and poor with pain. This can be explained by the content of the pain subgroup in the FI2S, which takes into account pain intensity and its variation during the day, the consumption of analgesic drugs, while the VAS measures the intensity of pain at a certain given point. The correlation with the dASH is average, which is not surprising because the dASH focuses on pain and shoulder stiffness (beyond the shoulder on the whole upper arm mobility) in addition to function. The correlation between this functional subgroup of the CMS and the FI2S is also average, which can be related to different abilities of the shoulder at different times after lesions or surgeries. In the FI2S, strength is tested in a more comfortable position and the measure is less disturbed by pain. The importance of strength in the total score has been lowered in relation to its importance in the CMS, where a higher value can distort the total score when rest and function recovery are reached, corresponding to treatment objectives. The FI2S has excellent psychometric properties: inter-test and inter-examiner reproducibility, correlation with the CMS, both qualities that make it a good tool to assess shoulder disorders and evaluate treatment results. For orthopaedic research, the good responsiveness of the FI2S will make it an essential tool in clinical trials for calculating sample size and power estimates. The equal importance given to the subscales make it more adapted to the practice of clinical orthopaedics and PRM than the CMS; more focus on pain and function, less on range of motion and strength makes it different from the CMS. Yet function (described through 5 activities) and pain (analysed through intensity, duration and analgesic consumption) are highly valued parameters in PRM and clinical orthopaedics, where the aim is not to achieve a range of motion or acquire more strength, but rather to improve the patient's autonomy and quality of life.
The FI2S was tested for main shoulder pathologies, in rehabilitation settings as well as post-surgical settings, but not for shoulder stability; it therefore cannot be used in that case. It will take its place alongside CMS and ASES, but seems more adapted to a rehabilitation context without losing its value in post-operative follow-up. The major interest of this heterogeneous scale is to obtain an overall value from objective and subjective data that can be used in comparative studies. using some items independently can certainly be relevant for the follow-up of an isolated patient, but may lead to a loss of reproducibility, since the reproducibility of the total score does not necessarily correspond to that of each subgroup. Therefore, as suggested by Angst et al. (27) , who compared metric properties and especially responsiveness to change of 6 shoulder evaluation scales, do we need to choose the most adapted tool for the objective of the assessment? For an overall, simple and relatively fast assessment, closely similar to CMS and ASES, FI2S with its own qualities fits this objective.
In conclusion, the FI2S is a heterogeneous index for assessing pain, mobility, strength and function, and gives greater importance to pain and function than the CMS; for these reasons it seems well tailored to PRM practice in shoulder evaluation. Compared with other tools, such as the CMS, DASH, and VAS at rest and during activity, it has a good constructed validity. Its inter-test and inter-rater reproducibility is also good, much like its responsiveness to change. It appears to be an easy to administer, simple assessment tool with good metric value for shoulder disorders. motion The patient must hold the handle of a spring balance in his hand, palm of the hand facing the floor, at arm's length in both 90° of forward flexion and 90° of abduction in the coronal plane. The patient is asked to maintain this elevation for 5 s, repeated 3 times, the average (kg) is noted and multiplied by the applicable adjustment coefficient below to obtain the total strength score. 
